We have conducted an observational study from 1991 to 1996 with baseline food intake data and cumulative (55 months follow-up) mortality data. In this paper we report the food and nutrient intakes of 89 Japanese men and women aged 70 years and over. We were particularly interested in the effects of n-3 fatty acids and amino acids on the overall survival of elderly Japanese.
Subjects and methods

Subjects
In September 1991, a group of 43 men and 46 women aged 70 years and over were recruited for the Food Habits in Later Life Project (FHILL). 10 The FHILL project was approved by the Monash University Ethics Committee and Nagoya City University Human Ethics Committee. Subjects were randomly selected from the City Hall Population Register for residents living in semiurban Okazaki-Shi (Okazaki City), located in the prefecture of Aichi in Honshu Island, Japan. None of the subjects were hospitalized or institutionalized. There were 21 (10 men and 11 women) who lived alone, 27 (15 men and 12 women) who lived with their spouse and 41 (18 men and 23 women) who lived with some other family member. One subject did not participate in the follow-up. The subjects were representative of their community, but were not necessarily representative of the entire country. Details of subjects and methods have been reported elsewhere. 10 Food and nutrient intakes A 24-h weighed-food record was used to obtain information on food and nutrient intake for three consecutive days. Each subject was asked to weigh the foods they ate, using portable scales provided by the research team. This was done prior to the interview about all dishes and foods consumed.
The intakes of food and nutrients including amino acids and fatty acids were assessed using two commercially available software programs: N U TA S 4 (Software Developing Co. Ltd, Tokyo, Japan), and H E A LT H M A K E W I N Version 1.0 (Health Make Institute, Yokohama, Japan) based on the 1982, 1986 and 1989 standard tables of food composition in Japan. [16] [17] [18] Dietary fibre intakes were calculated using software from Lotus 123 based on composition tables for dietary fibre. 19 Food items were grouped into three food groups, namely plant-derived food, animal-derived food and other foods. Plant-derived food included cereals, vegetables, nuts and seeds, pulses, fruits, mushrooms, other fungi and algae (seaweed). Animal-derived food consisted of fish and shellfish, meat and meat products, eggs, milk and dairy products. Sugar and sweeteners, confectionery, fats and oils, beverages, seasonings and spices, and pre-prepared foods were included as 'other foods'.
Data on food and nutrient intake, except amino acids, were adjusted to energy intake, 10 500 kJ for men and 8400 kJ for women. This adjustment was consistent with methods being used for comparative purposes for the IUNS study. 11 Recommended protein intakes are ordinarily expressed according to gender and bodyweight; therefore, the consumption of amino acids in milligrams was adjusted to bodyweight (kilograms) and reported separately for men and women. The 'Standard Tables of Food Composition 1997' in Japan list 18 amino acids, namely, the essential amino acids, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine, and the remaining amino acids, cystine, tyrosine, histidine, arginine, alanine, aspartic acid, glutamic acid, glycine, proline and serine.
Statistical analysis
Statistical analyses were performed using the Statistical Analysis System (SAS Institute, Cary, NC, USA). 20 A nonparametric Wilcoxon rank sum test was used to compare variables of interest between the survivors and deceased groups. The significance level was set at 5%.
In order to determine whether total n-3 fatty acids intake at study entry could be used as a predictor of all-cause mortality for this population, subjects were classified as having a low or high n-3 fatty acid intake using the 25th percentile (2.1 mg/day) as the cut-off point. A χ 2 test was performed and a Kaplan Meier curve was also plotted in order to demonstrate the difference in the survival probability between these two groups. A Cox proportional hazard analysis was used to calculate the risk of death for subjects with high and low intakes of n-3 fatty acid after adjusting for age at enrolment, gender and smoking status. In this survival analysis, those with chronic energy deficiency (BMI < 18.5 kg/m 2 ) were not included. 
Results
The age range at study entry for men (n = 43) was 70-91 years, whilst for women (n = 46) it was 70-87 years. Subject characteristics for each gender, at baseline, are listed in Table 1 . During 55 months, 13 subjects (eight men and five women) died. The causes of death and age at death are shown in Table 2 .
The mean values of food and nutrient intakes after adjustment for energy intake are shown in Tables 3 and 4 , respectively. While subjects in the survivor group consumed significantly higher amounts of mushrooms and fats and oils than those in the deceased group (P < 0.05), for macronutrient and available micronutrient intakes there were no significant differences (Table 4) . Table 5 shows energy-adjusted fatty acid intakes. Total n-3 fatty acids included alpha-linolenic acid (ALA; C18 : 3 n-3), eicosatetraenoic acid (C20 : 4 n-3), eicosapentaenoic acid (EPA; C20 : 5 n-3), docosapentaenoic acid (C22 : 5 n-3), and docosahexaenoic acid (DHA; C22 : 6 n-3). Total n-3 fatty acid intake was significantly higher in survivors than in the deceased (P < 0.05). However, when individual n-3 fatty acids were compared, a significant difference was found only in alpha-linolenic acid (P < 0.05). Interestingly, the ratio of vitamin E to total n-3 fatty acids in the survivor group was significantly lower (P < 0.05). The n-3 to n-6 ratio was sig- nificantly lower in the deceased when the parametric analysis of variance (ANOVA) was applied. Using a Kaplan-Meier plot, total n-3 fatty acid intakes at baseline showed similar survival probability for all subjects over 55 months. However, for subjects with body mass index (BMI) at or above 18.5 kg/m 2 (used to identify chronic energy deficiency according to WHO criteria) (n = 69), those with a higher intake of n-3 fatty acids (≥ 2.1 g/day, 25th percentile) had a better survival probability (P < 0.05) (Fig. 1) . Cox proportional hazards analyses showed similar results for both total n-3 fatty acids and alpha-linolenic acid (ALA), after adjustment for age, gender and smoking status ( Table 6 ).
The intakes of protein, after adjustment for bodyweight or energy intake, and total amino acids were similar among the survivors and deceased. However, in women tyrosine intake was significantly higher for those who survived compared with those who died (P < 0.05) ( Table 7) .
Discussion
Food intake and longevity
The Japanese diet is believed to be one of the most ideal diets in the world. 21, 22 Based on three epidemiological studies in elderly Japanese (age 65 years-centenarian), Shibata et al. reported that animal protein might have a favourable effect on life expectancy. 7 They also reported that 10-year survivorship was associated with a higher intake of animal foods such as eggs, milk, fish and meat. The present study did not confirm this although a larger sample, as in the Shibata et al. meta-analysis, may have done so.
While overall fungi consumption was similar for the deceased and survivors, the consumption of shiitake, enokidake and shimejidake mushrooms was significantly greater in the survivors (P < 0.05). These three types of mushroom typify a Japanese food pattern, through their use in dishes such as hotpot (nabemono). There are limited data on the composition of mushrooms, but what is available suggests the possibility that they may confer health benefits through various components, such as dietary fibre, oligosaccharides, n-3 fatty acids, amino acids and trace elements. [23] [24] [25] Fats and oils, which are used principally for cooking, were mainly soybean oil, corn oil and lard. The higher consumption of fats and oils in survivors may have partly contributed to the higher intakes of n-3 fatty acids, as shown in Table 5 , and also reduced risk of chronic energy deficiency (CED), which is known to increase mortality (Fig. 1) . 26 Nutrient intake and longevity The higher ratio of vitamin E to n-3 fatty acids in the deceased, compared with the survivors, may reflect on the lower consumption of total n-3 fatty acids by the deceased and similar vitamin E intake in the two groups. It is possible that, given the profile of vitamin E isomers in the Japanese diet and peripheral blood compared with Caucasians, 27 with relatively more gamma-and delta-tocopherol in the Japanese, the functional relationship of antioxidant vitamin E to polyunsaturated fatty acids (PUFA) is different in Japanese to what might be expected in Caucasians, for whom it is presumed that a higher vitamin E to PUFA ratio is a biological advantage.
A protective effect of n-3 fatty acid intake from plant and marine sources has been documented. [12] [13] [14] [15] 28 de Deckere et al. concluded that n-3 fatty acids might reduce the risk of coronary heart disease and also alleviate the symptoms of rheumatoid arthritis. 28 From the Lyon Diet Heart Study, de Lorgeril et al. hypothesized that n-3 fatty acids, especially from an alpha-linolenic acid-rich diet, might have specific cardioprotective effects and reduce total mortality. 14, 29 The US Multiple Risk Factor Intervention Trial (MRFIT) of more than 10 000 people showed that those with the highest omega-3 intakes (as alpha-linolenic acid) had the lowest overall death rates and the least deaths from cancer. 12 Recent findings from the Nurses Health Study supported the hypothesis that a protective effect against ischemic heart disease was seen with a higher intake of alpha-linolenic acid. 13 In our study, the intake of total n-3 fatty acids, which were obtained from either plant or marine sources or both, was also found to predict survivorship. The significantly higher intake of alpha-linolenic acid in survivors in the present study also suggests that alpha-linolenic acid might be protective against total mortality. In subjects with a BMI ≥ 18.5 kg/m 2 and a higher intake of n-3 fatty acid, better survival probability was seen, using a Kaplan-Meier plot. 26 This provides further evidence of the role of n-3 fatty acids in Japanese longevity. A protective effect of n-3 fatty acids was not seen in the chronically energy-deficient Japanese, possibly because of sample size, but also possibly because, in this situation, energy deficiency becomes relatively more important for survivorship.
Protein and amino acid nutrition is also of interest in relation to survivorship among the elderly. 30 Essential amino acids are usually of greatest interest in this regard. More recently, specific amino acids have been receiving greater attention. For example, the importance of homocysteine is now recognized. Interestingly, women who survived had higher tyrosine intakes than did the deceased. This could be either because this conditionally essential amino acid, 31,32 at higher concentration, can overcome blockage if it is utilized with age (dependence on, for example, vitamin C is known) or because its formation from phenylalanine may be impaired and its conditional essentiality becomes more apparent in the aged.
Conclusion
In summary, this study suggests that a higher intake of n-3 polyunsaturated fatty acids, from both plant and marine sources, might have a beneficial effect on life expectancy in older Japanese, in particular for those who are not chronically energy deficient. Some plant foods such as mushrooms, which are characteristic of a Japanese food pattern, in combination with fish and other plant sources of n-3 fatty acids, possibly soybean oil and seaweed, might be important factors in determining longer life expectancy. The statistical power of this study has been limited by the small number of deaths. A 7-year follow-up study of the population is being carried out. Further research is needed in order to examine these results and to add more insights to the understanding of food and longevity in the Japanese.
